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■54) Vascular endothelial cell growth factor II. 

- yp^ular ^ndothHia! cell Growth fac:or \\ is purified from the culture media used to maintain 
^ ^ arTtr ,- iian q j loma cells The' protein is a hetercdimer, stimulates mitogenesis of mammalian vascular 

endothelial cells and is useful for tne promotion of vascular development and repair, ims unique 

crowth raotor is also use f ul in the promotion of :issue repair. 
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BRIEF DESCRIPTION OF THE DRAWING 

Figure 1. VEGF II activity present in fractions eluting from a polyaspartic acid WCX HPLC cation exchange 
column, bar denotes pooled active fractions. 
5 Figure 2. VEGF I! activity present in fractions eluting from a meta! chelate column. 

Figure 3. VEGF II activity present in fractions eluting from a RP-HPLC C 4 column. 

Figure 4. Full length amino acid residue protein translation product and its cDNA coding sequence for VEGF 
I A subunit plus polypeptide cleavage products used to determine the amino acid sequence. 

Figure 5. Fui! length amino acid residue protein translation product and its cDNA coding sequence fcr VEGF 
70 !l A subunit plus polypeptide deavage products used to determine the amino acid sequence. 

Figure 5. Full length amino acid residue protein translation product and its cDNA coding sequence for the 
135 amino acid form of VEGF II 3 subunit plus polypeptide cleavage products used to determine the amino 
acid sequence. 

Figure 7. Full length amino acid rescue protein translation product and its cDNA coding sequence for the 
*5 115 amino acid form of VEGF II 3 subunit. 



BACKGROUND OF THE INVENTION 

A new class of cell-derived dimeric mitogens with apparently restricted specificity for vascular endothelial 
ceils has recently been identjfied and generally designated vascular endothelial growth factor (VEGF). The 
mitogen has been purrfied from: conditioned growth media of rat glioma cells, [Conn et a!., Proc. Nati. Acad. 
Sci. USA 87: 2623-2632 (1990)]; conditioned growth media of bovine pituitary foiliculo stellate cells [Ferrara 
and Henzei. 3iochem. Bicphys. Res. Comm. 161: 351-353 (19S9) and Gcspodarowicz etal., Proc. Natl. Acad. 
Sci. USA 66: 731 1-7315 (1989)]. Vascular endothelial growth factor I (VEGF I) is a homodimer with an apparent 
molecular mass of 45 kDa. with each subunit having an apparent molecular mass of 23 kDa. VEGF I has distinct 
structural similarities to platelet-derived growth factor (PDGF), a mitogen for connective tissue cells but not vas- 
cular endothelial cells from large vessels. 



OBJECTS OF THE INVENTION 

It is. accordingly, an object of the present invention to provide a novel vascular endothelial growth factor 
II (VEGF M) 'ree of ether proteins. Another object is to provide a procedure for the purification of the substantially 
pure VEGF M. A further ooject is to provide VEGF II to stimulate endothelial cells for induction of blood vessei 
growth, vascular repair and the production of artificial blood vessels. Another object is to provide VEGF II to 
stimuiate tissue re^a'^r. 



V.MAP.Y OF ^HE INVENTION 



Vascuiar 



endothelial cell crewth < ac tor II is purified from the culture media used to maintain mammalian 
qlioma cells, 7~he protein is a heterocimer and stimulates mitcgenesis of mammalian vascular enoothelia! cells 
and is use^ji for the promotion of vascular development and repair. This uniaue growth factor is also useful in 
the promotion of tissue repair. 

DERAILED DESCRIPTION 



Tne present invention -elates to a umoue vascular endothelial cell growth: factor (designated VEGF II). iso- 
lated anc purified from di-oma cei: conditioned medium, wmcn exnipits mitogenic stimulation of vascuiar 
encot-ei.a; cells. Glioma is defined herein as any neoplasm derived from one of the various types of cells that 
(<2r ^. . ne .-y s - s;i : :a : -ssue o r tr.e central nen/ous svste^ including brain, spinal dord. posterior pituitary gland 
and retms Consecuen Uy. ine scope of the present invent, on is intended to mciude the unique growth factor 
iso ated a-.c purged from anv -amma:;a- clioma tissue or other cells including ce! ! lines. Cell lines inciude. 
but are not limited to. giicma-denvec cell lines such as Cc. hs 532 anc GS-9L. glioblastomas sucn as A-172 
a n- T^ = G- neuroblastomas sucn as IWR-32 and SK-N-MC; neurogiicmas such as H4; tetrcmas such as X3-2; 
astrocytomas such as b-~ , V ( o and l,- j. o e^-^y - 2 _a r _- - 2-^ - - ■ - - o- - - - 

ce! , : ir / e - : u e y, jr > ar r-eduNoolastcma !me TE 571. wth GS-9L and TE 571 being preferred. Vt-jr li :s 



frcm ra: t ssue .npiudmg ovany 



-terser pituitary tumor oe;i 
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anc 23.5 ml see Fig. 1 . 

The active fractions elated from the poiyaspartic WCX column that contain VEGF I! are pooled, adjusted 
to r w out pH 7.C and loaded onto a 1 x 10 cm column of Pharmacia Chelating Sepharose 6B charged with an 
excess of copper chloride and eouilibrated in about 0.05 M sodium phosphate, about pH 7.0, containing about 
5 2M NaCI and about 0.5 mW imidazole (A buffer). VEGF II is eiuted from the column with a gradient from 0-20% 
B over 1 0 minutes, 20-35% 3 over 4-5 minutes and 35-1 00% 3 over 5 minutes at a flow rate of C.^ mf/min. where 
3 buffer Is 0.05 M sodium phosphate, pH 7.0, containing about 2 M NaCI and 100 mM imidazole. The active 
fractions containing VEGF II activity eiuted between about 12.6 and 22.8 mi of the gradient effluent volume, 
see Fig. 2. 

10 The pooled fractions containing VEGF II activity eiuted from the metal chelate column are leaded onto a 

4.6 mm x 5 cm Vydac C A reverse phase HPLC column (5 p.m particle size) previously equilibrated in solvent A 
[0.1% trrfluoroacetic acid (TFA)j. The column is eiuted with a linear gradient of about 0 to 30% solvent 3 over 
15 minutes. 30% 3 for an additional 15 minutes, then 30-45% 3 over 22.5 minutes and finally 45-100% 3 over 
5.5 minutes. Solvent 3 consists of solvent A containing 67% acetonitriie (v/v). The flow rate is maintained at 

15 about 0.75 ml/mm and fractions are collected every minute. The homogeneous VEGF II elutes from the C 4 col- 
umn under these conditions at between about 32 and abcut 33 ml of the gradient effluent volume, see Fig. 3. 

Puriry of the protein is determined by sodium dodecylsulfate (SDS) polyacrylamide gel electrophoresis 
(PAGE) m 12.5% crosslinked gets using the technique of Laemmli. Nature 227: 630-654 (1970). The silver 
-.f n.ec ceis snow VEGF II to consist cf one band under non-'educing conditions with an approximate apparent 

7c molecular mass of about 56.000 daltons. When a sample containing the microheterogenecus forms of VEGF 
II is separate:: under reducing conditions it migrates as two about 23 kiloctalton (kCa) subunits. The purification 
process results in VEGF I! that ;s essentially free of other mammalian cell products, sucn as proteins. Recom- 
binant! y derived VEGF II wii ; also be free of mammalian cell products. 

Biological activity is determined by mitogemc assay using mammalian vascular endothelial ceils. Human 

?~ umbilical vein endothelial (h'UVE) cells are plated on geiatin-coaied dishes at a density of about 5000 celis per 
well in about 500 ui of Medium 1 99 (Ml 99) containing about 20% neat-inactivated fetal calf serum (PCS). Sam- 
ples be assayed are added at the time of plating. The tissue culture plates are incubated at about 37° C for 
aoout 12 hours and about 2 microcunes of tritiated thymidine (NEN, 20 Ci/mmol) is added per ml of assay 
medium ;1 .0 ^Ci/well). 'he plates are incubated for a further 60 nr. the assay medium is removed and the plates 

jc are washed with Hanks balanced salt solution containing about 20 mM Hepes, about pH 7.5, and about C.5 
mg/ml bovine serum aibumm. The cells are lysed and the labelled DNA sdubilized with about 200 uJ of a solution 
containing about 2 gm of sodium carbonate and about 400 mg sodium hydroxide in about 100 mi water. The 
incorporated radioactivity was determined by liquid scintillation counting The concentration of VEGF which eii- 
citec a half-maxima' mitoger.ic response in HUVE cells was approximately 2 = 1 ng/mi. The glycosaminoglycan 

35 heparin, which is reauirec m these assays at a level of 1C-10C u.g/ml to promote a response to a positrve control, 
acidic fibroblast growth factor, cces net enhance mitogemc stimulation of these cells by VEGF II. 

A punfiec about 1-2 ;;C sample of VEGF II is rec^uzec 1 \r about 0.1 M 7ns, about pH 9.5. with about 0.1% 
E"A. about 5 M guanidmium chloride and aoout 20 mM dithiothreitol for about 2 nrat aoout 50° C. The reauced 
prote..^ ;s carbon vmetnvlated for about 1 ncunn a solution ccntaining about 3 2 u.M of uniabelied and 2.3 uW 
c' '-O-odcacetiC ac;b in about 3.7 M 'ns, aoout pH 7.3, anc abcut 0. 1% ED'A and about 5 M guanidinium 
bh'C.-.de. "he prote :S barpcxymetn yi aiec for aoout 1 nr a: room temperature, 'he protein is isolated after 
re-uction and carooxymethvlation by reverse pnase H.^-C chromatography cr a Vydac Z± column , aoout 4.5 
mm * 5 cm. The protei- is ioaaed ontc a column pre-ecuilloratec with about CT% 'FA and eiuted by a 4f^ml 
hne^i- gradient from abcut 0.1% TF.A to 3.1% "A'5^% acetoniirlie at a flew rate c* about 0.^5 mi/min. 'he 
rcru:ec and cafbo* ym.ethylated protein eiuted as two peaks at approximately 25 and 23 mi with the proportion 
ne approximately ecual as de terms nec bv men iter: ng aosorcance at 210 nm. 

Samples t-eVebupeb anc carpexvmeth v;a*ec monomers are appnec tc bci ysrene-ccsted glass fiber fil- 
ers an: the:r N-tcrmma: sequences are ce:e — e: by Ecmar degradatic" ir. an A31 gas phase micrcsecu- 



manufacturers 

ne — :e..~ s^cv,-;- pear o'?:sc-2"e e u: ~z a: approximately 25 ml A sub-unl: br nearer: 



:er :n conjunction wtr. an A3! 120 A on line o" e ny! thienvc ante 

"ze of. 
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a 3 subunit. Expression vectors capable cf expressing homodimenc forms of VEGF wii! contain either one or 
two DNA sequences whicn encode either two A or two Z subumts. 

The ability of the vanous species of VEGF I! to stimulate the division of vascular endothelial cells makes 
this protein in all microheterogeneous forms and alternative splicing forms useful as a pharmaceutical agent. 
The protein as used herein is intended to include all microheterogeneous forms as previously described. The 
protein can be used to treat wounds of mammals including humans by the administration of the novel protein 
to pat, -en*s in need of such treatment. 

T ne novel method forthe stimulation of vascular endothelial cells comprises treating a sample of the desired 
vascular endothelial cells in a nutrient medium with mammalian VEGF II. preferably human or rat, at a concen- 
tration cf about 1-10 ng/ml. if the vascular endothelial cell growth is conducted in vitro , the process requires 
the presence of a nutrient medium such as DMEM or a modification thereof and a low concentration of caff or 
bovine serum such as about 0 to 2% by volume. Preservatives such as antibiotics may also be included; these 
are well known in the art 

The novel growth factors of this invention are useful for the coverage of artificial biood vessels with vascular 
endothel:a! cells. Vascuiar endothelial cells from the patient would be obtained by removal of a small segment 
■:' peripheral bicod vessel or csoillsrycontsimng tissue and the desired cells would be grown in culture in the 
r, n3 ence of VEGF II and any other supplemental components that might be recuired for growth. After growth 
of ade^ua'e numbers of endothelial cells in culture to cover a synthetic polymeric blood vessel the cells wouJd 
be plated on the inside surface of the vessel, such as fixed umbilical vein, which is then implanted in the patient. 
Alternatively, tuoular supports are coated in vitro with VEGF II pnor to importation nto a patient. Following 
implantation endothelial cells migrate into and grew on the anificia' surface D rior coating of the artificial vessel 
either ccvaier.riy or nonccvalency. with proteins such as florin, collagen., ficrpnec^n or iammm would be per- 
•crmed to enharce attachment cf the cells tc the artificial sur'ace. The cell-lined artificial vessel would then be 
surgically implanted into the patient and, being lined with the patients own cells, would be immunologically com- 
patible. The non-thrcmbogenic endothelial cell lin-'ng should decrease tne incidence of clot formation on the 
surface cf tne artificial vessel and thereby decrease the tendency of vessel blockage or embolism elsewhere. 

The neve' proteins are also use'u" for the production of artificial vessels. Vascuiar endothelial cells and 
smooth muscie cells from the patient would be obtained and grown separately in culture. The endothelial cells 
would be grown in the presence of VEGF I! as outlined above. The smooth muscie would be grown in culture 
by procedures well known in the art. A tubular mesh matrix cf a ciocompatible polymer (either a synthetic 
polymer, with or without a coating of proteins, or a no n-immunocenic pioooiymenc material such as surgical 
suture thread) would oe used to support the culture growth of the smooth muscle cells on the exterior side and 
vascuiar enaotheita : cells on the integer surface. Once tne endothelial ceils ; crm a confluent monciayer on the 
; hslde sur'ace and multiple laye-s of smooth muscie cells cove- the outside. t'~e vessel is impiantec into the 
patient. 

Tne neve' peptides car- also be used for the induction cf tissue repair or -growth, ^ne pure VEGF I! would 
ce used tc induce and promote growth of tissue by inducing vascuiar growth and /or repair. Tine peptide can 
be used either topical: v for tissue repair or intravascular^ for vascular" repair. For applications involving neovas- 
cularization, and healing of surface wounds the formulation would be applied directtv at a rate cf about 10 ng 
tc about - mg/cm=/day. For vascuiar reca;r VEGF 1; is g-ver i ntrave n ecusiy at a rate c:' aoout 1 uc to aoout 
*CC uc/kp/dav of bedv" weight. For interna! vascula' growth, the -'cm-. at : c~ would be releasee directly -nto the 
-e^ ; cn to be "nee vascularized either from implanted slow -e^ease cevme-c matena 1 or from slew release pumps 
or repeated injections. 



"The release rate in either case is aoout IOC ng to aoout . ^ ug/G2y 



For non-cp,ca! application the V E G F :s administrated in compilation with pn aram aoeutica! V acceptapie 
o^miers ordliuencs such as. pnespnate Cuh'er, saline, phosphate severed saime. Ring er's solution. a~d the like. 
, a = ~ ar3 ~aceuticai oompcsition. according to standard p naramaceu tioal practice. For topical application, van- 

fT-r-uiations induce, out are not i-.mited to. t K e following: ointments sucn as hyorcohiiic petrolatum or 
-civethv o ^ e o'.vco! oi^tme-t; pastes wnicn may contain gums sucn as x a nth a - cum.; solutions such as aico hone 
~-. r a-.jo'cus solutions; ce : s sue" as a'ummum hydroxide or sod'um alginate ce ; s; albumins such as human or 
^ — a-^louminc. C0 ;: 3 : e "o su = n as -jman or a n;ma: ccila^e-. ce! : .uicses sue" as a-V ce Voces, hydroxy 

■ i r ^ | ' ' "d|' ''^roj ' ^ f ^X""!""^ - p k ~ ' ' "~ 3 ' ' ' ' ' ^ 3 t- -I'.rtr'.yYC 1 '* 1 '. <~ ° [ 1 u I n S c ' 03 - 

rc^vmetnv: oeliu-cce. -yc -pxyprppyi m e : - V ce- u-ose . an C "yc-yypropy 1 ce : :u-cse: pc : ycxamem such 3S 
r L - 3 ~ r V "Oivo s exer^pVed py ^lu'cn^o^ ---2". tetrpmcs sue- as tetrode *5C3. anc alginates such as 
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minutes 20-35% B over 45 minutes and 35-1 00% B over 5 m.nutes at a How rate of 0.3 ml/min, where 3 buffer 
was 0.05 M sodium phosphate. pH 7.0. containing 2 M NaCI and 1 00 mM imidazole. The active fract.ons con- 
firing VEGF II activ^ eluting between 12 6 and 22.8 ml of the gradient effluent volume were pooled as shown 
by the solid horizontal bar in Fig. 2. 

EXAMPLE 6 



Reverse Phase Chromatography 

The fractions containing VEGF II activity pooled from the metal chelate column . Example 5 were loaded 
or ,;c a 4.5 mm x 5 cm Vydac C4 reverse phase HPLC column (5 u.m particle size) equilibrated in solvent A 
(0.-! % tftfuoroacetic acid (TFA)). The column was eluted with a gradient of 0-30% solvent 3 over 15 minutes. 
30% 3 for an additional 15 minutes, then 30-45% B over 22.5 minutes and finally 45-100% 3 over 5.5 minutes 
where solvent 3 = A containing 67% acetcnitrile The flow rate was maintained at 0.75 ml/min. The active VEGF 
li fractions eiuting between approximately 32.2 and 37.5 mi of the gradient effluent volume were pooled as 
^:wn by the solid horizontal bar in Fig. 3 

EXAMPLE 7 



Myogenic Assays 

Human umbilical vein endothelial cells (H'JVE) were plated en gelatin-coated 43 wel! tissue culture dishes 
at a density of 500C ce!!s/weM in 500 u! cf Medium ^99 containing 20% heat inactivated 'eta! calf serjm (FCS). 
Sam.ples to be assayed were added at the time of plating. The tissue culture plates are incubated at 37° C for 
'2 hours and 2 micrccunes of tritiated thymidine (NEN, 20 Ci/mrrol) was added per mi of assay medtum (1.0 
pCi/weil). The plates were incubated for a further 50 nr. the assay medium was removed and the piates were 
washed with Hanks balanced salt solution containing 20 mM Kepes. pH 7.5. and 0.5 mg/ml bovine serum albu- 
min. The cells were lysed and the lacelled DMA solubiiized with 200 ul of 3 solution containing 2 gm of sodium 
carbonate and 400 mg sodium hydroxide in 100 ml water. The incorporated radioactivity was determined by 
liquid scintillation counting. 

The concentration cf VEGF I! which elicited a half-maximal mitogens response in HUVE ceils was 
approximately 2 ± 1 ng/ml. The glycosaminoglycan heparin, which is required in these assays at a level of 1 C- 
1CC ug/mi to promote a response to a positive control, acidic fibroblast growth factor, does not enhance 
mitogenic stimulation cf these cells by VEGF II. 

£ SAMPLE 3 

Purity And ^rotein Structure Cr, ara sterna von of VEG- 11 

Puritv c f t^e protean under non-reducing conditions was determined dy SOS—AGE in '2.5% crcssl:nked 
r ■ c ki, k r „ ni7. -on pec f-Q-M\ — hp^iv^r-^tained^ 0 ! contained a sincie 

c-is according to the metnod o' _aemmh. Nature ^ . s3w-d„ ( -.1,^,. . ..e s-.v^r ^di.ie- ^u ^ b 

band with an aooarent mass cf approximately :c k^a. :l m^-a.e- ... J-n-r 3 

tiers" in 1 5% crossi-nked gels as a broad silver-stained oand witn apparent molecular mass of approximate^ 

~ k VEGF 11 was stored a in the aqueous trifluorcacetic acid (7FA)/acetonitrile mixture used to elute the 
■-._oc™' . s pm^,n in reversed phase C.H^C chromatography at the fina: stage of the ounflcahon protoco, 
^vio^J-Scrbod. Aiicuots of the purged protein (1-2 ug. were vacuum evaporated to dryness ,n actd-was- 
~ - L T ^ , . n ^^.^^,^ o ^f^-' i -- u ^^*^r^^;-^.n.,: c ^0 J V'-'Sbu-er,pH9.^.3"d5V 



'~~ln,d™rr, -Menr. .-ontaicne C.1% £DTA and 20 m.V. d;tn,cinre:to! , Caltiocnerr.. Ultrol grace) under an argon 
; pa : c9C was ^oseo-e-tiv : ,r = cxyr,e:-y:atec for : -our at 20*C Sy the 3 = d:t,on of 
--7,1 o'V 7 m T~ s 5 h 7 S. containinc 0 1 % EDTA. 5 M guar.,d,nium cnionde. S.2 uM labeled .ocoacetic 
„I _ =n :.^r 2 .-, .-- = r,.i c '--.S nCi/nr-.oie. Ar-e'S'-a-':. Afts- CD.-n-iGSiO" c' t u 0 carddxy^elhy- 
Inuor. Vm" mi*u,rn w« iom»«: dT-Ctly ame a rf.O mm x 5.0 mv Vyt!« C4 colunr, whic-t nns bc = n areecuili&raled 
~ , ..„ - F ,. T „„ rn ..^ ar .c csr2cxvneitVo-.ee orc'.e.* was re- rif.ed. by elulen with a u5 nmule .near gra- 
">:.' c ". o 'Vf?Vc 'v'7 nrotcn.trilo in C. t%7FA a! a few 'a:c ofC.T: nWn.r r,nc stored m t-is elut=on solut.or 
,. ;.. c rei!lJ=R , 3 n r . ^..^y^n;:^:-' rtrr'.s." r ■..'.«:! r.n -r.r,^ n! ,,n-c x -.n.oly 2? nnfi 2S n! !-M 
w-raol *PP'C» ma'ciy «o>;al «r«a aa r-wmv-wl ;>y .-opitor^g a!:sor:!an.c« at 2^0 rrn. ^ _ 



EP 0 475 983 A1 



RN'A w:s isolated from GS-9L cells using the Fast Track RNA isolation kit from Invitrogen using the protocol 
provided. First strand cDNA synthesis was performed as follows; 

One ug of GS9L RNA was annealled to 1 of oligo 151 by incubating in a volume of 6 jjJ at 70°C for 5' 
followed by cooling to room temperature. To this reaction was added: 
5 1.5 uJ 10X buffer (500mM Tris-HCi, pH 8.3, 

750 mM KCl, 100 mM MgCI 2 . 5 mM spermidine) 
2.5 uJ 10 mM DTT 

2.5 p.I 10 mM each dATP, dGTP, dCTP, dTTP 
0.6 u.! 25 units RNasin 
io 2.5 ^il 4-0 mM Na pyrophosphate 

9.5 p. I 20 units diluted reverse transcriptase 
The reaction was incubated at 42°C for 1 hour. Excess oiigo 1 51 was removed by Centricon 100 spin col- 
umns and the 5' end of the cDNA was tailed by the addition of dATP and terminal transferase. The tailed cDMA 
w3S diluted to a final volume of 1 50 uJ in 10 mM Tris-HCI. 1 mM EDTA. pH 7.5. 
15 PCR Reactions: 

Primary reaction (50 u.I) 

5 10X buffer from Perkin Eimer Cetus GeneAm.p Kit 
8 ul 1.25 mM each stock of dATP. dCTP, dGTP. and dTTP 
5 ud first strand G3-9L cDNA prime with oligo 151 and taiied 
20 1 pJ 25 pMoIes ohgo 1 1 3 

1 uJ 25 pMoies oligo A17 
1 ixl 1 0 pMoies ol.go TA17 

0 25 uJ 1 25 units Amplitq DNA polymersase 
25.75 jj water 

25 Reaction conditions: 1 cycle 94°C V: 50°C 2'; 72°C 4C then 40 cycles of S^°C 1'; 50°C V30'; 72°C 2' 

Prep scale secondary reaction: 
50 uJ 13X buffer 

95 uJ 1 .25 mM each stock of dA~P. dCTP, dGTP. and dTTP 
5 uJ primary PCR reaction 
yj 12 uJ 30C pMoies oligo 74 

1 2 ul 300 pMoies oligo A1 7 

3 uJ 1 5 units Amplitaq DNA polymerase 

4 11 n\ water 

Reaction conditions &4°C. V; 55°C. 2'; 72°C. 2'30 cycles. 
25 "The PCR product was concentrated by Centricon 1 00 spin columns, and digested with restriction endonuo 

'ease Sail. The Sal! fragment was then liqated into Sail cut pGEM3Zf:». The ligation mix was used to transform 
E. coli XL-1 b ! ue. ^iasmid DNA was isolated from white transformants and sequencer oy the diaeoxy chain 
termination metnod. The base sequence is shown in Fig. 5. 

o Cioninc and se quencing of alternative forms of VEGF A cDN'A 

Based on the sequence obtained from the p5-15 and pW-3 denes, rwo soecific PCR primers were syn- 
thesized; once 5'C 5' ~TTGTCGACAACCATGAACTTTCTGC 3' and ctigc 151 5' TTTGTCGACGGTGA- 
3 AGG'C A£~C 3' T.nese primes were used toqether to amqiiS- multiple :DNAs encoding alternative 'orrr.s 
45 of the VEGF A su bun it. 

^reparative PGR Reaction: 
' ■ i * 7 X bu ff e r 

30 ul 1.25mM eacn stock of dATP. d-CTP. dG" ? , and cTTP 
' : yj first strand GS-9L cDNA 
sc J 3 ul 30CpMo!es oiigo 5'C 

J 2 u.; 3 3CpMoies oligo IS* 
2.5 -J '5 units Amp lit ac DNA poiymerase 
337.5 u: wa:e r 

-.c.TC'.icn conditions 9t°2. 53"C. 2'; 72°C. 3': dZ cycles. 

„ r5 H. j: : wr3: . extracted w<th ohnnci'dhicrcfcrm. concentrated by Centricon 30 spin columns, pro- 
c:p;tnted by ethane, and digested with rest.-'Cticn enccnucisase Sai I, and iig3ted into Sail cut pGEM3Zf{ + }. 
-^r ^ rTVX ^ > n u .v K : :r :rrm^orr~ E.cni. <_-' qion. ^in-mict CNA wns sorted 'rcr wnito transformonts 

;:M ; - n . M n ,,^- (! s -j.-rotv -'--.in. !r"rm,nn!>c:'> i-r-'MOfJ. Thrf?o firm o' ci0"0n wnrn q f?r.tinnd . Conn 12 
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33.75 mJ water 

Reaction conditions, 40 cydes of 94°C, 1'; 50*C. 2'; 72°C. 2*. 
Prep scale reaction 
60 pi 10X buffer 

96 nJ U5mM each stock of dATP, dCTP, dGTP. and dTTP 

1 2 first strand 659L cDNA 

12 pJ SOOpMoies oligo YI - 

12 uJ SOOpMoles oiigo GC 

3 jjJ 15 units Amplitaq DNA polymerase 

405 (J water 

Reaction conditions 94°C. 1'; 50°C. 2'; 72°C. 2'40 cydes. 
The PCR product was concentrated by Centricon 30 spin columns and digested with restriction endonuo 
lease Sail. The Sal! fragment was then ligated into Sail cut pGEM3Zf(+). The ligation mix was used to transform 
E. coli XL-1 blue. Piasmid }NA was isolated from white trans form ants and sequenced by the dideoxy chain 
termination method. 

PCR Amplification. Cloning and Sequencing of p3V2 

Sased on the sequence obtained from the pYG clones, a specific PCR pnmer was synthesized; oligo HP 
5' TTTGTCGACACACCCTAATGAAGTGTC 3'. This primer was used in combination with oiigo A17 5' 
GACTCGAGTCGACATCG 3' to amplify the cDNA encoding the COOH terminus of the VEGF II B subunit using 
the 3* RACE technique described by Frohman et a!.. PNAS 65: 8993-9002 ( 1 933). 
^reparative PCR reaction: 

60 ul 1CX buffer from Perkin Elmer Cetus Gene Amp Kit 
12 ^1 first strand 659L cDNA 

96 u! 1 .25 m,M each or dATP, tZ^P . dG~P. d~T? 

1 2 300 pMoles oligo Al 7 

12 30C pMoies oligo HP 

3 jJ I5un;ts Ainplitaq DNA polymerase 

405 ui water 

Reaction conditjons 1 cyde of 94°C. V; 53°C. 2'; 72°C, 2': followed by 40 cycles &4°C, r. 53°C. 2' and 
72°C. 2\ 

The PCR product was concentrated by Centricon 30 spin columns, precipitated with ethano! and digested 
with restriction endcnutiease Sail. The Sal! fragment was then ligated into Sal! cut pGEM32f{+). The ligation 
mix was used to transform E. coli XL-1 blue. Piasmid DNA was isolated from white transfonmants and sequ- 
enced by the d.cecxy chain termination method. 

PCR Amplification. Cloninc and Seouencinc cf c5V2 



Basec on me seouence of pYG clones, twc specific PCR primers were synthesized; oligcVL' 5' 
~G"C3AC^0AGOGA0'CAGAAGG 3' and cligcVS' 5' TTTG'CGACACTGAATATATGAGACAC 3'. 
~hese crimes were used in combination with oiigo A 17 5' GACTCGAGTCGACATCG 3' to amplify the cDNA 
encoding the ammo terminus of the VEGF II 3 jDuni; usi^g me 5' RACE technique described by Frohman ej 
a!., supra. Clico was synthesized in orcer tc pnme cDNA frcm GS-9'^ RNA. Oligo 15" is 5' C~CAT- 
CATTGCAGCAGC 3'. 

Ploy A'RNA v/as isolated from GS9L eel's using the Fast "Track RNA isolation kit from Invitrogen using the 
protocol provided. First strand cDNA synthesis was performed as follows: 

One ug of GS9L RNA was annealiec to 1 ug of oligo '5" oy incubating in a voiume of 5 ll a: 70°C for 5' 
'oliowed ov cooling to room temperature. To this reaction was added: 
'.5ui' OX Puh'er {500 mM Tns-HC. pH 3.3. 
753 mM KG1. 100 ~M MgOU, 5nM spermidine) 
0 rr.K* DTT 

0 mM eac K dA~=\ dG" 3 . d"P. C'~p 
15 units R.Nasin 
:0 mM \a pyrophosphate 
.0 units diluted reverse transcriptase 
reactor, was incubated at 4 2 ° C for 1 hour. 
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the addition of d ATP and terminal transferase. The tailed cDNA was diluted to a final volume of 150 u.i in 10 
mW Tris-HQ. 1 mM EDTA.pH 7.5 
PGR Reactons: 
Pnrnary reaction (50 uJ) 
5 5 uJ 10X buffer from Perkin Elmer Cetus GeneAmp Kit 

8 uJ 1.25 mM each stock of dATP.dCTP.dGTP. and dTTP 
5 uJ first strand GS9L cDNA primed with ofigo 151 and tafied 
1 uJ 25 pMoles oligo VL' 
1 uJ 25 pMoJes oligo A17 
to 1 10 pMoles oligo TA17 

0.25 pJ 1.25 units Amoiitq DNA pofymersase 
2B.75 water 

Reaction conditions: 1 cycle 94°C ,1'; 58°C, 2': 72°C. 40' then 40 cycles of 94°C. V; 58°C, 2'; 72°C, 2'. 
Prep scale secondary reaction: 
is 100 uJ 10X buffer 

150 uJ 1.25 mM each stock of dATP, dCTP. dGTP. and dTTP 

10 uJ primary PCR reaction 

20 uJ 500 pMoJes oligo VS' 

20 pJ 300 pMoles oligo A17 
2c 5 pJ 25 urits Amplitaq DNA polymerase 

685 jJ water 

Reaction conditions 9<i°C, V; 58°C. 2'; 72°C, 2'3C cydes. 
The PCR product was extracted with phe ro!/chlc r oform. concentrated by Centricon 30 spin columns, pre- 
cipitated by ethanoL and digested with rostn'ction endonuclease 3 a M . The Sal! fragment was punfied on <i% 
25 Nu-Sieve Agarose ge! then ngated into Sail cut pGEM3Zf(+). The ligation mix was used to transform E. eeli 
XL-1 blue, PI asm id DNA was isolated from white transformants and sequenced by the d id ecxy chain termination 
method. 

PCR Amplification. Cloning and Sequencing of pCV2 a'nd pCV2.1 

30 

3ased on the sequences of the p3V2 and p5CV2 cJones, two specific PCR primers were synthesized; ciigc 
5'CV2. 1 5' TTTGTCGAC[N][N]GCAGGTCCTAGCTG 3' and oligo 3'CV2 5' TTTGTCGAC[N][N}CTAATAAA- 
TAGAGGG 3'. These primers were used together to ampiihy the cDNA encoding the VEGF 3 subunit. 
Preparative ? CR Reacticr: 
35 40 u.1 10X buffer 

£4 u! 1.25 mM each d.ATP. d~P. dG~^. dC'^ 
8 ul first strand GS-9L cDNA 
8 p.1 200 pMoles 5'CV2.1 
8 >jl! 200 pMcles 3'CV: 
-to 2 pJ lOunits Ampiitaq DNA polymerase 

2TC ul wa:er 

Reaction conditions: 9-°C 53°C. 2'. ^2°C. 2'; 40 cycles. 
The PCR product was extracted with phenoi/cniorcform. concentrated by Centncon 30 spin coiumns. pre- 
cipitated by ethano!. and digested with. restr ; ct;cr. end o nuclease Sal I. and ligated :ntc Sal I cut pGEM3Zf'>). 
-cs The ligation mix was used to transform E. ccM XL- * blue, ^lasmid DNA was isolated form write tra ns'ro ma r ts 
and seauenced by the Oidecxy c.-.air. termination method, 'wo sets C clones we-e identrfied. one encoded a 
' 35 am: no acid secuence a nc the other encoced a J 1 5 amine ac:d s ecu e nee. see Figures 5 and 7 respective 1 y 

cDNA Cloning of VE3r 3 SuPun t 



he ON A and pro tern sequences for the amine terminus of 
tTom a cDNA cione isciatec from a cDNA 11 bran.- ccrstnjctec fr: 
Pirr.t Strand Synthesis 

Anne a! 1 5.5uJ (5ug; GS-3L. pciyA* R\« 2.5'j. i,2.5ug. o 
5 5 cool tc -ocm tern p e ra bur e. Add the fciicwi-g: 

5.5u! 10X buffer (50C rnU Tris-HC!. pH 5.3 CL 
7 50 rr.K*. '-'CI, 100 mM McCl : . 5m.V spermidine 
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5.5uJ '0 mM each dATP, dTTP, dCTP, dGTP 
1.4uJ (55units) RNasin 
5,5uJ 40mM NaPPi 

13.5uJ 55units AMV reverse transcriptase 

Incubate at 42° C 60'. 
Second Strand Synthesis: 
Assemble reaction mix 

50 yj first strand reaction 

25 uJ 10X buffer (500 mM Tris-HCI. pH7.2. 350 mM KCL. 30 mM MgCI, 1mg/ml BSA, 100 mM (NH 4 ),S0 4 
7 5 u.l 100 mM DTT 
25 uJ ImM NAD 

6 5 jj (65units) E. coH DN'A Polymerase! 
2.5 u.i (2.5units) E. coif DNA Ligase 
2.5 u! (2 units) E. colj RNJase H " 
i 35 p.! water 

Incuoate at 14° C for 2h and then incubate 70° C for 10'. Add 1 ul (1 0 u.nits) 74 DNA Polymerase, incubate 
at 37- C for 10'. add 25 u! 0.2M EDTA an extract with phenol/chloroform, then precipitate by the addition of 0.5 
volume of 7.5 M ammonium acetate and 3 volumes of etnanol. collect precipitate and resuspend in 20 pJ of 10 
mM Tris-HC!. ph 7.5. ImM EDTA. 

cDNA Library Construction 

The above cDNA was iigated into EcoRV >:bal digested LambdaGEM-4 (Iomega 3icchemicals) after the 
addition cf EcoR - tinkers and digestion with EcoRI and Xbal. A cCNA library was ampirfied from -50, 000 
inde pen-cent cJones. 

Isolation cf Rat VEGF 3 cDNA Clone 

*~he above cDNA library was screen by placque hybr:d : zation using pCV2 as a probe. Hybridization con- 
ditions were as follows: 

5XSSC { 1 XSSC is 0.15M sodium chloride. C.0"5M sodium citrate. 
50% Forma mid e 

5* Denhandt's Solution (1% Ficoll, 1% polyvinylpyrrolidone. 1% bovine serjm albumin) 
0.15 mg/'mi salmon sperm DNA hybridize cvemightat42° C. 

Filters were washed 3 times in 2XSSC. 0. 1 % SDS a: room temerature for 5', then 1 time in 1 XSSC. 0. 1 % 
SDS at 50C for 30'. Positive clones were identrfied by autoradiography. 

The DNA from phage £202 was digested with restriction endonudease Spe! and the 1.1 kb band Iigated 
into Xbai digesteC pGEM3Zff>). The ligation mix was used to trans'orm E.coli XL-1 blue. Piasmid DNA was 
isolated from white transformants and sequenced by the dideoxy chain termination method. The cDNA sequ- 
ence and predicted ammo acid sequence of the signal peptide are shown in Fig. 5 and Fig. 7. 

The entire nudeotide and amino acid sequence of the 1 1 5 amine acid form is shown in Fig. 7. The secreted 
protein starts at Aa : * and continues to Arg ' ^. The entire nucleotide and amino ac;d sequence of the 135 ammo 
aod form is shown in Fig. 7. The secreted protein starrs a: AJa : * arc continues :c Leu * M . 



Claims 

1. Mammalian vascular endothelial growth 'actor 1 1 composing a neteroc imer w;tr an apparent ron-recucec 
molecular mass of aoout 53.000 daltons, witn saiC neterocimer maae up of an A subumt r.aving an appa- 
rent re duce c m cl ecu i a r m a s s o f about 23.000 daltons arc a 3 s u o u n ; t having an apparent re d uce d m ol ecu - 
! a' mass of aoout 22,000 daltons with said vascular e~.cz the! ia I grc win 'actor substantially free of im nurses 
anp myogenic for mammalian vascular enco thecal cells. 

2. 'he vascular endotr.eiia' growth factor 11 o f claim ' wnerem ;ne growth factor is isolated and purir'ec from 
human ceils, c e ' ' cu ; t u r e media or tissues. 

3. 're vascular endothelial crewth fa etc II of claim. J where;" the 'actor is r.:::e" c for mammalian vascular 
encothe a: eel's. 

4. Mammaiia" vascular eh dome;; a I qrowih factor 1 1 comprising a heterodimer wtn a~ aooaren: non-red uceO 
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sues tan bally free of imp unties and myogenic for mammalian vascular endothelial ceils. 

,M amr-vaiian vascu'ar e^ccrhei iaf growth f ac:cr comprsmg a s c*x;diner ccmpr'smg two 3 subumrbs w^bh 
said endothelial growth 'actc r substantially 'ree cf :r:ur;ies myogenic for mammalian vascular 

endothelial cells. 



6. A prptem cor^r'sirg an ar-mc a::d sequence sudsta-t a : 'y ccmesocmcing tc al ; or a corner cf trie amine 
acid sequence of rat vascular endothelial growth factor II with said vascular endothelial gowth factor having 
a 3 suoun:t selected from the grcup pc-sistmg of the 125 amine add form and the * 4 5 ammo acid form 
and having an A sub-unit selected from the g roue consisting cf the 133 ammo jed form, the 1 £-i ammo 
acid 'orm an d the 1 22 amine a c;d form and - 1 her micrcheterc gen ecus f orms the re c' with said grcwrh factor 
being free of other pro terns. 

Vascular endothelial growth factor comprising an A subumt. of a: east the amine ac;d sequence as shown 
in Figure d and a 3 subunit of at least the amine ac:c sscue^:e as shown m F : gure 5 3 F ,d any micro- 
h e t erc-g e n e c u s o r tru n ea 1 e c f o rm s : h er ec f wh fc h are o ; oi c q i ca I i y active a n d a re s u b s ta n t ; a ! i y fre e o f ] m p u ri- 
ties. 

Vasc-iare^cche'a 1 growth ( a c to r c o m p - : s : m g a r A 3 u b u " : : 3 : 'east the nucJecbde s e q u e n 0 e as s.^ca- 
m Figure 4 a no an 3 subunit c' at 'east the nucleotide sequence as shewn in Figure 5 and any micro- 
u eterocenecus or trj-cated 'cms : h e:ecf wh.pn 3'e d:dieg;dally sct.-ve and a r e suosta-t.ai.y Vee c f m-puri- 
t:es. 



9. Vascular endothelial yz .vm 'acts: comprslng two 2 subu n.p- of at ieast tn« .^ucJectide sequence as snpwo 
in figure 5 or hgu^e 7 3^: a ny m ; ere" 1 eterpg e ~e c u s detruncates — 3 the~ec f wh : ch are b c'ccca.'v active 
and are su 0 sta ntiai'y -'-ee of ;n:u-:ie5. 

10. A process for t K e isolation of vascular endothelial growth 'actor !I m substantially pure form which com- 
poses bhe sequence o f steps cf: 

a. isolation o r conditioned growth med;a, 

b. cation exchange chromatography; 

c. lectin affinity chromatography; 

d. cation exchange h:q^ performance ; teuid chrcm.3togn3p.-y: 

e. metal-cheiate afflniby ehromatcgrac ny: 

f. reverse- phase high perfen—.ance liquid chromatography; and 

g. cc :: ectmg the substanhaiiy pure vascuiar encothelia! grew;- factor I!. 

11. ~"n e process of o : aim 12 where m. 

a. Isolation z < 3 C "d;t!onec growth media oy 'illraXh 

0 . 0 a t ic n exchange c h ro ma t og ra p K y with a d s e m ; I c - on c 3 rp c x y m e : ~ v ; Sephade* 2-52 oa t . c n exchange 
resi" at pH 6.C follcwec by a rmse with Z.ZZ V sod;u~ :":s:"'e 0 ~ S.C, CV c V \a3l a~d elubo" wr 
2 "5 soC'um ^csratfi. p~ 5 2. :r:3l n - , c r 5 V l .a2': 

c. ! eoti" a~"miby chromatography wtn aosprphpn p~ co - ca n = va ■ . " a -ga'pse res.n at p.- 6 C ; b : cw?: 
by eiut ; cn w.tr. CO 5 V sodium acetate, p" 5.2. co~ua--:-g " mV CaC : . " m.V ,VnC' : . Z. A V Nad 3~d 
Z.22 V 3i:^3-^e:^v mannos^ae 3 n : 2.2 5 V 1 a^a-n^e:** ■/ g-_dds :e, 

d. osticn e^c^anoe -1:" penfenma'ce : ou z :^: m 3:;:'arv w- acsprpbpn p- = :'y:::at c -d-d '.V2X, 
equiiip rated m 2.25 V sodium r cG: K a:e. 0— 5_g f pi'ewee by e :::r with aocut C tc aocut Z."z V NaC 
'inear grad'ent; 

e. m e ta i - c - e ate 0 n ^p m. a : o q ra p ^ y w ■ ; ^ 303omt:p~ p- --ama: a C^eia: n : Sepharcse 53 rage: w m 
excess Cu ~ *'oi' owed by elut;on w.tr 3 g^ac e n .\ z ! Z.z m V to ' ZZ ~ V' m :a:ce;" :. w e r :c^r h.^g 5r=;j: 
Z.Zz l v J so o. um p- C c :: -3'o^ about pi- 7.C, abou' 2 V \zZ'. 

reverse o.-ase nc" :er i :ma r, ce 'iqu;d enrcmatcgna p" - w:t~ a;s:p: r p" a 2V cpium- equVbratec 
- : d ? - : r c .ccac n :p 3; c "'c :wec d. e - t p" * l - - e n ; :'' ? tc f " 3 r v. r a:?:r e - Z ' 

t u p ' o a d e t ■ c : a~d 

p cp I e ctl - z tne su : sta "t..?.: 1 ■. p z.' n z\z ou a- ■?"■:: : :' a c -'w 'm ''art;- 
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A ::ssue repairing p " arm.aceu tica f c:n: cs:t:o n ::r:r.s:^c 3 pharmaceutical carrier and an effective tissue 
'5^3:r..^g amount cf trie purmee vascu.ar encome' a; grcwm facte !! of any one of Claims * or A :o 3. 

~he use tre va:.;j!ar e-oot~e a growth 'actor II of a—y c^e c f Dia;ms J :r 3 :o S f cr the manufacture 
c ( 3 n.ecicaner: cap ace of promo tmg Ussue repair. 

A method fcr the stimulation of growth o ( vascular endothelial eel's wmcn comprises treating a sample cf 
me desired enacthelal ceils in a numem medium * th vascular e-ecmeila! growth 'actor i! at a concen- 
;-3t;on of accu: C. J - 1 C C eg/ml. 

A rmetnod fcr preparing synthetic vessels comprising treating svmhetlc polymeric vessels with vascular 
e.ndome'.a! growth 'aster i;. 

~ne use of a synthetic vessel prep area by tne me: hoc cf Claim 15 *'cr tre manufacture of a med ; cament 
su ; tab!e 'or use as a vessel implant wherepy. a'ter implantation, endothelial eel's migrate into a n d grew 
on re arv.rcls. sur'soe. 

"^e use o f vasouiar endothelial growth factor II 'cr the manufacture cf a mecicameni f or the stimulation 
c; tne growth of vascular endotn el la; cells In vivo w hereby edher vascular repair, or neovascularization, 
or both. ; s pro mo tec. 

A purified anc isolated UNA seouenee ercoc^g the '33 ammo ao: A suouni: of vascular endothelial 
growth faster 1 1 . 

A p m . ' e p a~d m plated ON' A secede e~coc.np me "5- ammo ac d a - — — ,: of vascular e~cc theliai 
growth ''actor 11 . 

A purified 3"d Isclatec DNA se^Le^ce encod.ng me '23 ammo acid A sueum; o { vascular endothelial 
qrewt.n 'actor !t. 



A purifies ard related DNA secuence encpomg me ' 25 3 m, ^c ac:0 5 suouni; cf vascular enccthellal 
growth factor II. 

A purified anc 'Splated DNA secuence encoding me ' ' 5 ammo ac;d ~ pubumt c' vascu.ar endothelial 
grpw-th 'actor 11. 

'. a ecu a' endothelial growth factor II DMA oompr'Sthg 3^. A suPunit UNA secuence s electee f rom toe group 
c o n s i s 1 1 - c c f a DNA secuence e n p o o ■ n c an ".55 p-rc a c c 'cm, a DNA secuence e n eo d ■ n g an * £-i ammo 
acm mm- am 2 DNA sememe encoding a '23 3— re acc 'orm. w th sa:d A supu~ t DNA coerspiy 
3 rt a c"ec :c a B suPumt DNA secuence c-e.ec'ec mom me gmoc ec-s st.ng of; a DNA secuence encoclng 
a '25 amino ao:c lorn; and a DNA secuence encoding 3 * J 5 amine acid form. 

-eterc-c mere vas ou. or e ~ oc me : :3 g-cvm faster DNA cp — pr s ng a- a s:;-:t DNA ;e:-e n :e e^zec^g 
3 ' uA; ammo 30:0 form cperaoN attached to a r suou" t DNA secue~ce encoding 3 '22 ammo aom 'cm, 

-eterpp n?-: . ascu 3'em:t^ : 31 growth facto r DNA 5 ~z a~ a c u p u n • t DNA sepue^ce e n cod 1 0 g 

3 '2- 3" n C a2 'p fpr m ppe r 5Pi v attached to a c smm' D h a secue~oe em::," 3 ' ' 5 1 r — c acc 'arm . 

- 3m pp " em<c v3pp-j : 3r e-cct^e Nt gmwtn '2:!:: DNA pp — p-m~g a E sueum: DNAseouenoe se'eotec ■ 
t~e g-e-p :c~sst -g c2 a f su p ' t Dna pecuenpe ?m:; -g 3 '25 3- ~ ~ 3C ~ < cr — = a = mm m • DNA 
cecuenpe em:: -g a '"2 3--. 3cm t'orm. 

a . • • ; • 3 - cc^ta h'^c t'e DNA seomme c f 3^^ :m : f p. a —p 2A t: 

a ~-s; :'. r - : — m p me <ectc- :' :m 2 : : 3 " "3 t-- : D- mumm- em::: m vesc-.a- 

z ;3. crewth 'acto' 2 . 
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